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(54) Infrared occupant position detection system and method for a motor vehicle 



(57) An improved IR occupant position detection 
system (10) tiiat provides accurate and reliable classifi- 
cation and position information at a speed sufficient to 
timely inhibit or othenwlse control deployment of occu- 
pant restraints. A two-dimensional array (40) of IR emit- 
ters (L) is selectively activated to periodically illuminate 
two or more predetermined viewing planes (26, 28, 30) 
in the vicinity of a passenger seating area, andi the 
reflected IR energy is detected by a photo-sensitive 
receiver (24) and analyzed to detect the presence of an 
occupant, to classify the occupant, and to identify and 
dynamically track the position of the occupant's 
head/torso relative to predefined zones of the passen- 
ger compartment. Modulating the intensity of the emit- 
ted IR beams with a known carrier frequency, band- 
pass filtering the received signal, and synchronously 
detecting the filtered signal distinguishes the reflected 
IR energy from other signals picked up by the I R 
receiver (24). Additionally, a two stage adaptive control 
mechanism compensates for the variation in intensity of 
the reflected energy with distance between the emitter 
and the occupant The emitter (40) is implemented with 
orthogonal anode and cathode power rails with individ- 
ual IR LED elements (L) placed at each anode-cathode 
intersection. Optical dispersion within the package is 
greatly reduced by an opaque cover layer (64) that 
effectively forms a well for each LED element (L). 



Fig.1. 
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Description 

Technicai Field 

[0001 ] This invention relates to a motor vehicle con- 
trol system, and more particularly to a system and 
method for detecting the position of an occupant of the 
vehicle. 

Background of the Inventinn 

[0002] Vehicle occupant position detection systems 
are useful In connection with air bags and other pyro- 
technically deployed restraints as a means of judging 
whether, and/or how forcefully, to deploy the restraint. 
Ideally, the system should be capable of classifying the 
type of occupant (i.e.. large adult, small adult, child, 
etc.) and the position of the occupant relative to the 
point of deployment of the air bag. Various systems 
incorporating one or more infrared and/or acoustical 
ranging sensors have been proposed for this purpose; 
see. for example, the U.S. Patents 5.330,226 and 
5.785.347. In general, such systems emit one or more 
beams of Infrared energy to define a corresponding 
number of viewing fields, and receive the reflected 
energy to detect the presence of an occupant within the 
viewing fields. However, the information obtained by 
such techniques is sometimes corrupted by other light 
sources {such as reflected sunlight, or pulsed incandes- 
cent light), and even under best conditions is typically 
insufficient to accurately classify the occupant type and 
position. For example, it may be desired to deploy an air 
bag even though the occupant's hand or arm is near the 
point of deployment, but undesirable to deploy if the 
occupant's head or torso is near the point of deploy- 
ment. For this reason, other position sensors or weight 
sensors are typically used in combination with a ranging 
sensor to provide a more comprehensive understanding 
of occupant classification and position. Unfortunately, 
such systems tend to be quite costly and are difficult to 
package in the automotive environment. Moreover, a 
relatively high speed of response is required so that 
deployment can be properly inhibited or allowed when 
the occupant position quicWy changes, possibly in antic- 
ipation of an impending collision. Accordingly, what is 
needed is a low-cost system that can accurately and 
quickly recognize an occupant for purposes of classifi- 
cation and position. 

Summarv of the Inventinn 

[0003] The present invention is directed to an 
improved infrared (IR) occupant recognition system that 
is low in cost, and provides accurate and reliable classi- 
fication and position information at a speed sufficient to 
timely inhibit or othen<vise control deployment of occu- 
pant restraints. A two-dimensional array of IR emitters is 
selectively activated to periodically illuminate two or 



more predetermined viewing planes in the vicinity of a 
passenger seating area, and the reflected IR energy is 
detected by a photo-sensitive receiver and analyzed to 
detect the presence of an occupant, to classify the 
5 occupant, and to determine the position of the occupant 
relative to predefined zones of the passenger compart- 
ment 

[0004] One aspect of the invention concerns a tech- 
nique for reliably distinguishing the reflected IR energy 

10 from other signals picked up by the IR receiver. This 
involves modulating the intensity of the emitted IR 
beams with a known can-ier frequency, band-pass filter- 
ing the received signal, and synchronously detecting 
the filtered signal. 

15 [0005] Another aspect of the invention concerns a 
two stage adaptive control mechanism that compen- 
sates for the variation in intensity of the reflected 
energy. A first stage adaptively adjusts the gain of the 
receiver circuit, while a second stage adaptively adjusts 

20 the intensity of the emitted signal. 

[0006] A further aspect of the invention concerns a 
novel mechanization of the two-dimensional emitter 
array which reduces manufacturing cost and package 
size, while retaining the flexibility of tailoring the dimen- 

25 sions of the array to suit a particular application. This is 
achieved through the use of ortiiogonal anode and cath- 
ode power rails witti individual IR LED elements placed 
at each anode-cathode intersection. One of the anode 
and cathode terminals of each LED is mounted on its 

30 respective power rail, and the other Is wire-bonded to He 
respective power rail. This eliminates interference 
between wire-bonds, reduces tiie number of driver cir- 
cuits, and significantly shrinks the package size. Optical 
dispersion witiiin tiie package is minimized by an 

35 opaque cover layer that effectively forms a deep cavHy 
around each LED element 

[0007] A further aspect of the invention concerns a 
mettiodology for using tiie two-dimensional emitter 
array to recognize an occupant and quickly track any 
40 motion of the recognized occupant. This is achieved \3f 
identifying the emitter anray positions corresponding to 
the torso of a recognized occupant, and scanning at 
least those positions at a rate much faster than tiie other 
positions. 

45 

Brief Description nf t he Drawings 

[0008] The present invention will now be described, 
by way of example, with reference to ttie acconrpanying 
50 drawings, in which:- 

Figure 1 is a diagram illustrating a portion of the 
passenger compartment of a motor vehicle 
equipped with an inflatable restiBint and tiie IR 
55 occupant position and detection system of ttiis 
invention. 

Figure 2 is a diagram illusti-ating the range determi- 
natbn technique used by the system of Rgure 1 . 
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Figure 3 is a diagram of a two-dimensional IR LED 
emitter array used in the system of Figure 1 . 
Figure 4 is a aoss-sectional view of the emitter 
array of Figure 3, taken along lines 4-4 of Figure 3. 
Figure 5 is a block diagram of the system of Figure 
1. including a programmed state-machine and 
microprocessor. 

Figure 6 is a diagram of the functions performed by 
the state machine of Figure 5. 
Figures 7-1 1 and 14 are flow diagrams representa- 
tive of computer program instructions performed by 
the microprocessor of Figure 5. Figure 7 depicts a 
periodically executed background routine for setting 
up and enat)ling activation of a selected LED ele- 
ment. Figure 8 depicts an interrupt driven routine 
for reading the received signal and computing occu- 
pant range. Figure 9 depicts a portion of the flow 
diagram of Rgure 7 pertaining to adjustment of a 
programmable gain parameter; and Figure 10 
depicts a portion of the flow diagram of Figure 7 
pertaining to adjustment of an activation current for 
the selected LED element. Figure 1 1 depicts a fore- 
ground routine for selectively enabling and disa- 
bling the inflatable restraint based on the occupant 
classification and range information; and Figure 14 
depicts a portion of the foreground routine of Figure 
1 1 pertaining to dynamic tracking of a recognized or 
classified occupant. 

Figures 12 and 13 depict portions of the emitter 
array of Figures 3-4 in relation to the flow diagram 
of Rgure 14. 

Description of the Prefen-ed Embodiment 

[0009] Refen^ing to the drawings, and particularly to 
Figure 1 , the reference numeral 10 generally designates 
a vehicle occupant position detection system according 
to this invention. In the illustrated embodiment, the sys- 
tem 10 is mechanized as a single module, mounted in a 
ceiling console 12 between and above the driver and 
passenger seats 14, 16. Obviously, other locations for 
the system 10 are also possible, but the illustrated loca- 
tion is generally preferred because it is least intrusive, 
easy to package and centrally located for flexibility in 
sensing one or nfx>re of several occupant positions, if 
desired. Of course, the vehicle may have a bench-style 
seat instead of the illustrated bucket seats 14,16; in any 
event, the normal occupant positions on the seat(s) are 
defined by the placement of the seat belts (not shown). 
[001 0] In general, the system 1 0 is described herein 
in the context of an othenvise conventional supplemen- 
tal inflatable restraint system, including an air bag 20 
installed in the instrument panel 18 forward of the pas- 
senger seat 16. The system 10 interacts with the 
restraint system by scanning the vicinity of the seat 16 
where an occupant might be positioned, and producing 
a control signal to either inhibit or allow deployment of 
the air bag 20 in response to a crash event of sufficient 



severity, based on the occupant classification, and/or 
the position of a recognized occupant relative to the air 
bag 20. The criteria concerning whether to enable or 
inhibit deployment are outside the scope of this inven- 

5 tion, and are generally defined by tiie vehicle manufac- 
turer or governmental regulation. It is generally agreed, 
however, tiiat d^loyment of the air bag 20 should be 
disabled if the seat is unoccupied, or occupied by a front 
or rear f^dng infant seat, or by an out-of-position adult 

10 or small child, where the term put-of-position is defined 
by a predetermined proximity of the occupant's head or 
torso to the point of deployment of the air bag 20. 
Accordingly, the objective of the system 10 is to classify 
or recognize the various types of occupants (or the 

75 absence of an occupant), and to detect if an occupant is 
out-of position. 

[0011] As indicated above, the information that can 
be gleaned from any given sensor type or location is 
generally inadequate to confidently classify an occupant 

20 and detect an out-of-position condition. However, the 
present invention overcomes the limitations of prior 
sensing systems through the use of a two-dimensional 
IR emitter 22 that is selectively activated to periodically 
illuminate multiple predetermined viewing planes in the 

25 vicinity of passenger seat 1 6. as shown in Figure 1 . Indi- 
vidual LEDs of the emitter 22 are selectively activated to 
produce an IR beam whose direction is determined by 
the position of the LED in the array and the optical 
parameters of a lens system incorporated witiiin emitter 

30 22. As described in further detail below in respect to 
Figure 3, tiie constituent LEDs are arranged in a rectan- 
gular grid three columns wide and ten rows in length. 
The emitter 22 is positioned in the console 12 so that 
the IR beams emitted by the LEDs in the first, second 

35 and third columns of the emitter 22 are respectively 
directed along first, second and third planes identified 
generally by the reference numerals 26, 28 and 30 in 
Figure 1 . The plane 26 includes the normal orientation 
of an occupant's left leg and torso when normally 

40 seated, the plane 28 includes the normal orientation of 
the occupant's right leg and torso, and the plane 30 
includes the interior edge of the passenger door 32. In 
each plane, some of the beams are directed through an 
out-of-position (OOP) zone forward of the seat 16 and in 

45 proximity to the air bag 20, some are directed onto the 
seat 16 or door 32, and some are directed above the 
seat 16 and/or door 32. The IR energy reflected by the 
occupant or seat 16 or door 32 is detected by a photo- 
sensitive receiver 24 disposed a predetermined dis- 

so tance B from the emitter 22, and the range of the occu- 
pant from the emitter 22 is determined based on a pair 
of coordinate currents developed by the receiver 24. as 
described in further detail below in reference to Figures 
2 and 5. 

55 [0012] As best seen in Figure 2. tiie emitter 22 com- 
prises an IR LED anray 40 and a lens system comprising 
an aspheric element 42 for concentrating IR light emit- 
ted from the an-ay 40, and a symmetrical convex lens 44 
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for focusing the light on a target T, which in the illus- 
trated embodiment, represents the passenger seat 16 
or an occupant thereof. As indicated above, the anray 40 
comprises a two-dimensional arrangement of selec- 
tively activated IR LEDs. and is described in detail 5 
below in reference to Figures 3-4. The receiver 24 com- 
prises a photo-sensitive device (PSD) 46 and a lens 
system comprising an IR filter 48, an aspheric element 
50 for imaging the received IR light, and a symmetrical 
convex lens 52 for focusing the imaged light on the PSD w 
46. The PSD 46 is a conventional two-dimensional ele- 
ment, and provides a pair of coordinant cun-ents. 
referred to herein as ix and iy, corresponding to the cen- 
troid of the IR light Impinging on the active surface of the 
device. The range of the target T from the emit- 15 
ter/receiver pair is determined by the location of the 
received IR light relative to the emitted light. In the illus- 
tration of Figure 2 where B is the distance between 
emitter 22 and receiver 24. f is the focal length of the 
lens 52, X is the location of the received light relative to 20 
the axis of the PSD 46, the range or distance D of the 
target T is expressed as ( f * B/x ). where x can be deter- 
mined by the ratio (ix - iy)/(ix + iy) . As described below, 
an important aspect of this invention Involves properly 
selecting an illumination pattern and properly analyzing gs 
the received range information. 
1001 3] Rgures 3 and 4 depict a particularly advan- 
tageous mechanization of the emitter array 40. in which 
individual IR LED elements L are an-anged in a two- 
dimensional grid designated by "row" and "column" 30 
coordinate positions to form a three-by-ten an'ay Obvi- 
ously, other array dimensions could be used as well. 
The horizontal "rows" are defined by the parallel cath- 
ode conductor segments C1-C10. while the vertical 
"columns" are defined by the parallel anode conductor 3S 
segments A1-A3. For convenience, the portion of the 
anay 40 between conductor segments C2 and CIO has 
been omitted from Figure 3. as indicated. Figure 4 
depicts a cross-sectional view of the an'ay through the 
center of cathode conductor segment CI , as indicated 40 
by the section lines 4-4 in Figure 3. The LED elements 
L are located at the intersections of the anode and cath- 
ode conductor segments A1-A3 arxJ C1-C10, and are 
designated by their "row, column" coordinate position. 
For example, the LED element in the upper left corner of 4S 
the array 40 is designated as L1 .1 and the LED element 
in the opposite corner is designated as L1 0,3. 
[0014] In the illustrated embodiment, the cathode 
conductor segments C1 -CIO are formed on a substrate 
60, and the anode conductor segments A1-A3 are then so 
formed along with underlying segments 62 of insulation 
or dielectric material such that the segments 62 electri- 
cally isolate the anode and cathode segments at the 
intersections thereof. The anode terminal of each LED 
element L is mounted on the respective anode conduc- ss 
tor segment A1-A3 and cathode terminal is wire bonded 
to the underlying cathode conductor segment Cl-CIO 
in an area adjacent tiie anode conductor segment. A 



cover layer 64 formed atop the conductor segments A1- 
A3, Cl-CIO, insulator 62 and substrate 60 is windowed 
to define a cavity or window W (each being designated 
by its row, column coordinate position) around each of 
the LED elements L. As indicated in Figure 4. the cover 
layer 64 is relatively thick compared to the conductor 
segments and LED elements L. thereby minimizing 
scattering of the IR light emitted by the LED elements L. 
and increasing the intensity of the focused light beams. 
In the illLStrated embodiment, the substrate 60 is 
ceramic, and the conductor segments A1-A3, G1-C10. 
insulation segments 62 and cover layer 64 are formed 
using conventional thick film manufacturing processes, 
but obviously, a similar structure could be produced with 
different manufacturing processes. Other design varia- 
tions are also possible; for exanrple. the catiiode con- 
ductor segments Cl-CIO could be formed atop the 
anode conductor segments A1 -A3, if desired. 
[0015] The above-described array configuration 
and obvious variations thereof are particulariy advartta- 
geous for a number of reasons, including improved light 
emission (spot quality) and signif icarrtly reduced pack- 
age size, compared to conventional arrays and devices. 
The improved spot quality of tine emitted light is 
achieved t)y the cover layer 64, as describe above. The 
use of a row-column selectable array signlficantiy 
reduces the number of conductor terminals required for 
selective activation of individual LED elements, as well 
as the number of external driver circuits that interface 
with tile array 40, Moreover, the wire bonds are very 
short in lengtti and do not interfere witii each other. Fur- 
tiier, the anode conductor segments A1 -A3 act as heat- 
sinks for the LED elements, reducing the size and 
complexity of auxiliary heatsinks tiiat may be required. 
These lactors enable tiie construction of a multi-ele- 
ment array in fl^ible configurations, and with a very 
small size tiiat can easily be packaged behind a mini- 
mum diameter lens, resulting in a two-dimensional emit- 
ter ttiat is economical to produce, ttiat reduces system 
cost, and that can be easily packaged in an automotive 
or other space restricted environment. 
[0016] Figure 5 Is a block diagram of the vehicle 
occupant position decection system 10 of Figure 1 . The 
system 10 comprises the emitter 22 and receiver 24. a 
receiver circuit 70 for extracting occupant range related 
signals from the ix and iy outputs of ttie PSD 46, a 
microprocessor (^P) 72 for receiving and analyzing the 
range signals, a transmitter circuit 74 for activating the 
IR LED array 40, and a State Machine 76 for cooitlinat- 
ing the operation of the transmitter and receiver circuits 
74, 70. In general, the microprocessor 72 selects a par- 
ticular LED element (via Select line 78) and requests 
the State Machine 76 (via Request Line 80) to obtain 
the range signals for the selected LED. The State 
Machine responds by activating the selected LED ele- 
ment, controlling the receiver circuit 70 to synchro- 
nously detect and capture the received range signals, 
and signaling the microprocessor (via Acknowledge- 
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ment line 82) that the range signals are available at its 
A/D Input port 84. 

[0017] The selected LED element of array 40 is 
activated with a pulse of high frequency stnusotdal cur- 
rent to produce an intensity modulated IR light beam f rt> s 
ting into the pattern generally desaibed above in 
reference to Figure 1 . The frequency of the activation 
current is fixed by microprocessor 72 (via line 86) and its 
magnitude is controlled by the microprocessor 72 (via 
line 88) to compensate for variations in the reflected sig- io 
nal strength, as explained below. The decoder 90 
receives the data on the miaoprocessor Select Line, 
and activates semiconductor switch elements in the 
anode and cathode driver drcurts 92 and 94 corre- 
sponding to the column and row address of the selected is 
LED element. The anode drive circuit couples the 
respective anode corxiuctor segment A1-A3 of array 40 
to a Programmable Current Source 96, which when 
enabled by State Machine 76 (via line 98). develops and 
outputs a sinusoidal drive current on line 100. at the fre- so 
quency and amplitude dictated by microprocessor 72 
(via lines 86. 88). The cathode drive circuit 94 couples 
the respective cathode conductor segment C1-C10 to 
the system common or ground. 

[001 8] When the I R light pulse thereby produced by 25 
the emitter 22 illuminates the passenger seat 16. an 
occupant, or the door 32. a reflected light pulse at the 
same frequency (intensity modulation) is returned to 
receiver 24. which produces the coordinate currents ix 
and iy on lines 102 and 104. Unfortunately, the compo- so 
nents of the ix and iy signals corresponding solely to the 
reflected IR light pulse are buried in other signals (con- 
sidered as noise to the system 10) arising from direct or 
reflected ambient light produced by sources t>oth inside 
and outside the vehicle. However, the receiver circuit 70 ss 
is able to extract the ix and iy signal components corre- 
sponding to the reflected IR light pulse by converting ix 
and iy to voltage signals vx. vy with \N conversion cir- 
cuits 106, 108 and band-pass filtering the voltage sig- 
nals vx. vy with the band-pass filter circuits 110. 112. 40 
This is possible because the components of the ix and 
iy signals corresporxJIng to the reflected IR light pulse 
have a characteristic frequency corresponding to the 
intensity modulation frequency of the emitted IR light 
pulsed Thus, the band pass filters 110. 112 pass only 4s 
the desired corrponents of the vx and vy signals, and 
reject all other components as noise. In practice, the 
LED elements may be activated at a frequency of 20kHz 
- 50kHz. with the band pass filters 1 1 0, 1 1 2 tuned to dis- 
tinguish signals of the emitted frequency from other light so 
sources. The extracted vx and vy signals are then 
amplified, as also indicated at blocks 110 and 112, to 
form the signals vx' and vy*. 

[0019] The extracted and amplified coordinate sig- 
nal voltages vx' and vy' are then synchronously ss 
detected by the Peak Follower circuits 1 14. 1 16 and the 
Reset Circuit 1 18. which is activated by State Machine 
76. The Peak Follower circuits 1 1 4, 1 1 6 generate output 



voltages xp and yp that track peak instantaneous volt- 
age of the respective signals vx* and vy', and the State 
Machine 76 controls the operation of the Reset Circuit 
118 (via line 120) so that the Peak Follower drcuits 114. 
116 are active only at the peak intensity points of the 
sinusoidal current waveform generated by the Program- 
mable Current Source 96. TTie timing information is 
available to the State Machine 76 because the sinusoi- 
dal cun'ent has a fixed frequency (and duty cycle) and is 
triggered on and off by the State Machine 76. This pro- 
vides further immunity from any noise component 
present in vx* and vy' signals. The peak signal outputs 
xp and yp are then amplified by Programmable Gain 
Amplifiers 122 and 124. providing amplified input volt- 
ages to sample-arxJ-hold (S/H) circuits 126. 128. As 
explained below, the gains of blocks 122 and 124 are 
controlled by the microprocessor 72 (via lines 130 and 
132) to compensate for variations due to the range of 
target T The State Machine 76 triggers the S/H circuits 
126. 128 (via lines 134 and 136) one or more times dur- 
ing each LED activation pulse, and the sampled signal 
values are provkled as inputs to the respective Averag- 
ing circuits 138. 140. which in turn provkle inputs xsig. 
ysig to the microprocessor A/D port 84. The Averaging 
circuits 138. 140 are required because the State 
Machine 76 triggers the S/H circuits 126. 128 two or 
more times in succession for improved accuracy, as 
described below in refererx:e to Figure 6. In the illus- 
trated embodiment, the microprocessor 72 determines 
the number of samples and signals the State Machine 
76 accordingly via line 1 42. 

[0020] As indicated above, the microprocessor 72 
controls both the amplitude of the LED activation cur- 
rent and the gain of the ProgrammakMe Gain Amplifiers 
122. 1 24 to compensate for variations in the strength of 
the reflected signal. The adjustments are important 
because the PSD output signals ix and iy may vary in 
amplitude by several orders of magnitude depending on 
range. As explained below In reference to Figure 9. the 
microprocessor 72 reads the averaged signals xsig, 
ysig applied to its fiJD input port 84 and compares the 
signals to upper and lower thresholds UT1 and LT1 cor- 
responding to a desired input signal range of A/D input 
port 84. If a signal xsig or ysig exceeds the upper 
threshold UT1 , the gain of the respective Programmable 
Gain Amplifier 122 or 124 is decremented. Similarly, if a 
signal xsig or ysig is below the lower threshold LT1, the 
gain of the respective Programmable Gain Amplifier 122 
or 124 Is incremented. This adjustment serves to keep 
the input signals xsig and ysig within the desired input 
signal range of the A/D input port 84. Beyond the pro- 
grammable gain adjustment, the microprocessor 72 
also incrementally adjusts the amplitude of the LED 
activation cun'ent produced by Programmable Current 
Source 96. As explained below in reference to Figure 
10, the activation current (beam current) is decre- 
mented to reduce the PSD output if either of the normal- 
ized range signals xnor, ynor exceeds an upper 
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threshold UT2. Similarly, the beam current is incre- 
mented to increase the PSD output if xnor or ynor are 
below a tower threshold LT2. This serves to limit the 
dynamic range requirements of the receiver circuit 70, 
significantly reducing the cost of its components. 
[0021] The above-described functions of the State 
Machine 76 are illustrated In diagrammatic form in Fig- 
ure 6. Referring to Figure 6. the State Machine function- 
ality is depicted by as conrprising eight principle states 
designated by blocks 150-164. In the quiescent or idle 
condition designated by block 150, the State Machine is 
inactive, and waiting for an LED activation request from 
microprocessor 72 (via Request line 80). In response to 
an activation request, the State Machine progresses to 
block 152 and activates the Programmable Current 
Source 96 (via line 98) to pulse the LED element 
selected by the microprocessor 72. Then in succession 
at blocks 154 and 156, the Peak Follower circuits 114. 
1 16 are enabled to track the peaks of the signals vx\ v/ 
in synchronism with the peak values of the LED activa- 
tion current, and the S/H circuits 126, 128 are signaled 
to latch the sampled input signals. If the microprocessor 
has requested only one sample, the State Machine 76 
then proceeds to block 164, and deactivates the 
selected LED element, disables the Peak Follower cir- 
cuits 1 14, 116, and issues an acknowledgement signal 
to microprocessor 72 (via line 82), indicating that the 
range signals xsig and ysig are available at the A/D port 
84. Alternatively, if the microprocessor 72 has 
requested the State Machine to obtain and average two 
samples, the State Machine advances to the block 158 
where the S^ circuits 1 26, 128 are commanded to latch 
a second sample before advancing to block 164. Or if 
the microprocessor 72 has requested the State 
Machine to obtain and average four samples, the State 
Machine additionally advances to the blocks 160 and 
162 where the S/H circuits 126. 128 are commanded to 
latch third and fourth samples before advancing to block 
164. In any event, the Averaging circuits 138, 140 auto- 
matically average the samples and the microprocessor 
72 only reads the value after receiving the State 
Machine's acknowledgement signal at block 164. In 
practice. State Machine 76 may be implemented with a 
standard programmable logic array device, and signifi- 
cantly reduces the processing burden of the microproc- 
essor 72, which is primarily concerned with analyzing 
the range information to determine if air bag deployment 
should be enabled or disabled based on occupant clas- 
sification and/or position. 

[0022] The flow diagrams of Figures 7-1 0 represent 
computer program instructions executed by the micro- 
processor 72 in carrying out the functions attributed to 
microprocessor 72 in the above discussion of Figure 5. 
Figure 7 is a routine executed periodically (that is. 
based on a timer interrupt) to set up and request activa- 
tion of a selected LED element L In response to the 
intenrupt 170, the blocks 172-178 are executed in 
sequence to determine the selected LED element from 



a table created by the foreground routine of Figures 11 
and 14, to adjust the gains of Programmable Gain 
Amplifiers 122. 124, to adjust the activation current of 
the selected LED. and to issue a request signal to State 

5 Machine 76 via Request line 80. The block 174 is 
detailed in the flow diagram of Figure 9, and the block 
1 76 is detailed in the flow diagram of Figure 10. 
[0023] Figure 8 is a routine executed each time the 
State Machine signals via line 82 that the range signals 

10 are ready for access. In practice, the acknowledgement 
signal from State Machine 76 triggers an intenupt 180, 
and in resportse, the microprocessor sequentially exe- 
cutes the blocks 182-188. as indicated. This involves 
reading the inputs xsrg, ysig, adjusting their values for 

15 DC offsets, normalizing the adjusted values to account 
for the commanded amplitude of the activation current, 
and computing and storing the target range. As indi- 
cated above, the target range D is determined in 
accordance with the expression f * B/x , where x can be 

20 determined according to the expressfon 

(xnor - ynor)/(xnor + ynor) , where xnor and ynor are 
^e normalized range signals. 

[0024] Referring to the flow diagram of Figure 9. the 
programmable gain adjustment of block 174 in Figure 7 

25 involves comparing the input signals xsig and ysig to 
predetermined upper and lower threshokJs UT1 and 
LT1 . If xsig is less than LT1. as determined at block 190. 
the block 192 is executed to increment the gain of Pro- 
grammable Gain Amplifier 122. Similarly, if xsig is 

30 greater than UT1 , as determined at block 1 94, the block 
1 96 is executed to decrement the gain of Programmable 
Gain Amplifier 122. In a similar manner, the blocks 198- 
204 are then executed to increment the gain of Pro- 
grammable Gain Amplifier 124 if ysig is less than LT1, 

35 and to decrement the gain of Programmable Qam 
Amplifier 124 if ysig is greater than UT1 . 
[0025] Referring to the flow diagram of Figure 10, 
the LED activation current adjustment of block 176 of 
Figure 7 involves comparing the normalized input sig- 

40 nals xnor and ynor to predetermined upper and lower 
thresholds UT2 and LT2. If xnor or ynor is greater than 
UT2. as determined at block 210. the block 21 2 is exe- 
cuted to reduce or decrement the requested beam (LED 
activation) current. If xnor or ynor is less than LT2, as 

45 determined at block 214, the block 216 is executed to 
increment the requested beam (LED activation) current. 
[0026] The flow diagram of Figure 1 1 represents an 
executive or foreground software routine executed by 
the microprocessor 72 for analyzing the range data as it 

50 is received in order to classify and track an occupant of 
passenger seat 16 for the purpose of deciding whether 
to enat5le or disable deployment of the air bag 20. The 
block 220 designates a series of initialization instruc- 
tions executed at the commencement of each period of 

55 vehicle operation for initializing various parameters and 
stored values to predetermined settings. Part of the ini- 
tialization process, for example, may involve disabling 
deployment of the air bag 20 until classification can be 



6 



BNSDOCID: <EP 1033290A2J_> 



11 



EP1033 290 A2 



12 



resolved, and executing certain diagnostic or self-check 
routines. Also, various timer values and timer inten-upt 
sequences are initialized, such as the timer interrupt 
discussed in reference to Figure 7 for requesting occu- 
pant range data. Following initialization, the block 222 is s 
executed to determine, based on the currently available 
occupant range data, whether the passenger seat 16 is 
occupied by a forward lacing infant seat (FFIS), a rear 
facing infant seat (RFIS). a small child, or an adult, or If 
the seat is simply unoccupied. The software routines of 
block 222 contain a set of rules to which the range data 
of array 40 is applied for discriminating between the var- 
tous occupant classifications. The rules are developed 
empirically by gathering libraries of data representative 
of different occupants, seating positions, clothing, etc., 
and using signal processing techniques to develop rules 
that identify range data characteristic of a particular 
occupant classification. Once the classification has 
been determined, and verified as explained below, the 
determination is "locked in** unless a major shift in range 
data occurs: for example, a change in occupants. 
[0027] If the classifk:ation rules indicate that the 
passenger seat is unoccupied, the blocks 232 and 246 
are executed to indicate an ^'empty seat** classification, 
and to perform secondary testing designed to either 
increase or decrease the confkJence in the indicated 
classff icatton. The tests of block 246 tend to be heuristic 
in nature, and may involve for exanrple, monitoring for 
lack of movement in the scanned area. If the secondary 
testing tends to verify the indicated classification, as 
determined at block 248. the classification is locked-in, 
and the block 250 Is executed to disable deployment of 
the air bag 20. Similarly, if the classification rules of 
block 222 indicate that the passenger seat is occupied 
by a forward facing infant seat, the blocks 230 and 240 
are executed to indicate a "FFiS" classification, and to 
perform secondary testing designed to either increase 
or decrease the confidence In the indicated classifica- 
tion. In this case, the secondary testing may involve for 
exanple, monitoring for a limited movement in the cen- 
tral portion of the scanned area. If the secondary testing 
tends to verify the indicated classiffoation, as deter- 
mined at block 242, the classification is locked-in, and 
the block 244 is executed to disable deployment of the 
air bag 20. Similarly, if the classification rules of block 
222 indicate that the passenger seat is occupied by a 
rear facing infant seat, the blocks 228 and 234 are exe- 
cuted to indicate a "RFIS** classification, and to perform 
secondary testing designed to either increase or 
decrease the confidence In the indicated classification. 
As with the FFIS, the secondary testing may involve for 
example, monitoring for a limited movement in the cen- 
tral portion of the scanned area. If the secondary testing 
tends to verify the indicated classification, as deter- 
mined at block 236. the classification is locked-in. and 
the k>lock 238 is executed to disable deployment of the 
air bag 20. 

[0028] If the classification rules of block 222 indi- 



cate that the passenger seat is occupied by a small 
child, the blocks 226 and 254 are executed to indicate a 
"small child" condition, and to perform tracking and out- 
of-position (OOP) testing, as described below. Similarly, 
if the classification rules of block 222 indicate that the 
passenger seat Is occupied by an adult, the blocks 224 
and 252 are executed to indicate an "adult" condition, 
and to perform tracking and out-ofi30sition (OOP) test- 
ing. The tracking and OOP testing are described below 
in reference to Figures 1 2-1 4 in a manner that is generic 
to both the adult and small child classifications. The pri- 
mary difference is that the OOP thresholds are sepa- 
rately specified for each occupant classification. 
[0029] In general, the tracking function involves 
identifying the headAorso portion of the imaged occu- 
pant based on range, forming a grouping of IR beam 
positions corresponding thereto, and updating the range 
of those beam positions at a very fast rate so that the 
position of the head/torso can be tracked relative to a 
predefined OOP threshold - i.e., a predefined distance 
from the point of deployment of the air bag 20. In the 
illustrated embodiment, the grouping of IR beams com- 
prises a "cone" of five contiguous emitter array positions 
most closely assodated with the identified head/torso 
|X>sition. and a "halo" of four emitter an-ay positions sur- 
rounding the "cone". This concept is illustrated in Rg- 
ures 12-13. Rgure 12 depicts the emitter array 40 as a 
series of contiguous squares identified by the row, col- 
umn locations discussed above in respect to Figure 3. 
Thus, the beam position 1/1 corresponds to the LED 
L1.1, and so on, with the beam positions of row one 
(positions 1/1,1/2 and 1/3) illuminating the viewing area 
closest to the air bag 20. An exanpie of a cone for an in- 
position occupant is shown by the shaded positions 
(5/2, 6/1 . 6/2, 6/3 and 7/2), and the OOP threshold, for 
an adult for example, is represented by the broken line 
256. the recognized occupant being considered in-posi- 
tion (IP) if the "cone" beams are below the threshold 
(i.e., in row three and higher), and out-of-posltion (OOP) 
if at least one of the "cone" beams crosses the thresh- 
old. The "halo" positions for the example "cone" are the 
surrounding beam positions 5/1, 5/3. 7/1 and 7/3. The 
halo positions are not used to enable or disable deploy- 
ment, per se. but simply define a region surrounding 
and in proximity to the cone grouping for improved track- 
ing. 

[0030] In the illustrated embodiment, the system 10 
is mounted in an overhead console as described in ref- 
erence to Figure 1 . and the center beam position (i.e.. in 
column two of the array) of the row having the shortest 
range from system 10 is used to form the center of the 
cone. For example, if it has been determined that an 
adult or small child is occupying the passenger seat 16. 
and a comparison of the range data obtained from a 
complete scan of the viewing area as illustrated in Fig- 
ure 1 reveals that the minimum range corresponds to 
the LED beam position 6/1, the microprocessor 72 
selects the center beam position in row six (i.e., position 
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6/2) as the center of the cone, and constructs the 
remainder of the cone and halo as shown in Figure 12. 
This is shown more clearly in Figure 13, where the cone 
is seen as comprising the center beam position (CRB) 
and the contiguous positions CI , C2. C3 and C4, and 5 
the halo comprises the surrounding positions HI, H2. 
H3 and H4. 

[0031] Rgure 14 depicts the tracking and OOP 
block 252 of Figure 11 in more detail. Initially, blocks 
260-264 are executed to identify the minimum range 10 
position of the array 40, to determine the center row 
position associated with the identified minimum range 
position, and to build a cone/halo table based on that 
center row position. This will be recognized as the proc- 
ess described above in reference to Figures 12-13. The is 
cone/halo table is simply a table that lists the emitter 
array positions (beam positions) that form the cone and 
the halo of the I R beam grouping centered on the 
head/torso of the recognized adult or small child pas- 
senger. Once the table has been created, the block 266 20 
is executed to update a "beam request table** that indi- 
cates the relative priority of the various beam positions, 
with beam positions having a higher priority being 
scanned more frequently that beam positions of lower 
priority. In the illustrated emfcKXjiment. there are three 25 - 
different priorities: low, medium and high. The cone 
positions identified at bk>ck 264 are stored in the high 
priority list of the beam request table, and are scanned 
more frequently than any of the other beam positions. 
The halo positions identified at block 264 are stored in 30 
the medium priority list of the beam request table, and 
are scanned more frequently than non-cone and non- 
halo positions, but less frequently than the cone posi- 
tions. When the interrupt service routine block 172 of 
Figure' 7 is executed in response to the timer inten-upt. 35 
the microprocessor 72 reads the beam request table, 
and decides which LED element to activate accordingly 
By way of example, the microprocessor 72 can scan the 
halo positions several times as often as the normal pri- 
ority positions, and the cone positions several times as 40 
often as the halo positions. Scanning the cone and halo 
beam positions at a high rate improves the ability of the 
system 10 to dynamically track a moving head/torso 
since the head/torso is identified by range, and most 
critical range information is updated at a very fast rate. 45 
[0032] The block 268 is then executed to verify that 
the IR grouping is tracking the occupanf^ head/torso, as 
opposed to a hand or newspaper, for example. This is 
achieved by determining the difference In range 
between adjacent cone positions, and distinguishes an so 
occupant's head/torso from an outstretched arm. for 
example. If the head/torso is verified, the blocks 270- 
274 are executed to enable or disable deployment of the 
air bag 20 based on a comparison of the IR beam 
grouping relative to the OOP threshold. If any cone posi- ss 
tion of the IR beam grouping has crossed the OOP 
threshold, block 272 disables deployment, and if no 
cones have crossed the OOP threshold, block 274 ena- 



bles deployment. If a head/torso is not verified, deploy- 
ment of the air bag 20 is enabled. In a preferred 
embodiment, the block 270 also keeps track of the rate 
of change in position off the IR beam grouping so that 
movement of a cone into the OOP zone can be antici- 
pated prior to actual crossing of the OOP threshold. 
[0033] In summary, the present invention provides a 
reliable, easily packaged, and cost efficient occupant 
recognition and position detection system for motor 
vehicle applications. As pointed out above, the illus- 
trated embodiment is intended to be exemplary in 
nature, and it is expected that various modifrcations will 
occur to those skilled in the art. As such, it will also be 
understood, that systenris incorporating such modifica- 
tions may fall within the scope of this invention, which is 
defined by the appended claims. ' 

Claims 

1 . A system (1 0) for detecting the position of an occu- 
pant of a motor vehicle including an IR transmitter 
(22) fbr emitting a beam of IR light for rdlection off 
the occupant, an IR receiver (24. 70) fbr receiving 
the reflected IR light and developing an occupant 
range related input signal therefrom, and a control- 
ler (72, 76, 118) coupled to said IR transmitter and 
IR receiver fbr determining the position of the occu- 
pant relative to a predefined zone of the vehicle, the 
improvement wherein: 

the IR transmitter (22) includes an IR light emit- 
ting diode (40) for emitting said beam of IR 
light, and a current source (96) effective when 
enabled to activate said light emitting diode 
(40) with a sinusoidal current off predetermined 
frequency so that the emitted beam of IR light 
has an intensity that is modulated at said pre- 
determined frequency; 

the IR receiver (24. 70) includes a photo-sensi- 
tive device (46) that generates a cunrent signal 
having an occupant range related component 
at said predetermined frequency correspond- 
ing to an angle of reflection of said reflected IR 
light, and a band-pass filter (110, 112) for 
extracting said occupant range related compo- 
nent from said current signal to form said occu- 
pant range related input signal. 

2. The improvement of Claim 1 , wherein: 

the IR receiver (24, 70) includes a peak follow- 
ing circuit (1 14. 116) fbr tracking an instantane- 
ous value of said occupant range related input 
signal when enabled by said controller (72. 76, 
118); and 

the controller (72, 76, 1 18) includes means (76, 
118) for enabling said peak following circuit 
(1 1 4. 1 1 6) so as to detect peak values of said 
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occupant range related input signal in synchro- 
nism with peak values of said sinusoidal cur- 
rent. 

3. The improvement of Claim 1 , wherein said photo- 
sensitive device (46) generates first and second 
cunrent signals, each having an occupant range 
related component at said predetermined fre- 
quency, and said IR receiver (24, 70) includes first 
and second band-pass filters (110, 112) for coupled 
to said first and second cunrent signals for respec- 
tively extracting first and second occupant range 
related components therefrom to fbrm first and sec- 
ond range related input signals. 

4. The improvement of Qaim 3. wherein 



6. The improvemerrt of Claim 5, wherein: 

the controller (72, 76, 118) includes a micro- 
processor (72), and the input port is an analog- 
5 tooligital input port of the microprocessor (72). 

7. The improvement of Claim 5, wherein: 

the controller (72. 76. 118) increases the gain 
10 of the programmable gain amplifier (122. 124) 

if the received occupant range related input 
signal is tower than said desired input range, 
and decreases the gain of the programmable 
gain amplifier (122, 124) if the received occu- 
rs pant range related input signal is higher than 
said desired input range. 



the IR receiver (24, 70) includes first and sec- 
ond peak following circuits (114, 116) for track- 
ing instantaneous values of said first and 20 
second range related input signals when ena- 
fc)led by said controller (72, 76, 1 18); and 
the controller (72. 76, 118) includes means (76. 
1 1 8) for enabling said first and second peak fol- 
lowing circuits (1 14. 1 16) so as to detect peak 25 
values of said first and second range related 
input signals in synchronism with peak values 
of said sinusoidal current 

5. A system (1 0) for detecting the position of an occu- 30 
pant 0I a nrK>tor vehicle including an IR transmitter 
(22) for emitting a beam of IR light for reflection off 
the occupant, an IR receiver (24. 70) for receiving 
the reflected IR light and developing an occupant 
range related input signal therefrom, and a control- 35 
ler (72, 76, 1 18) coupled to said IR transmitter (22) 
and IR receiver (24, 70) for determining the position 
of the occupant relative to a predefined zone of the 
vehicle, the improvement wherein: 

40 

the IR receiver (24. 70) includes a photo-sensi- 
tive device (46) that generates a current signal 
having an occupant range related component 
corresponding to an angle of reflection of said 
reflected IR light, a circuit (70) for extracting 45 
such component from said current signal, and 
a programmable gain amplifier (122, 124) for 
amplifying the extracted component to form 
said occupant range related input signal; and 
the controller (72, 76. 118) receives the occu- so 
pant range related input signal at an input port 
thereof, and adjusts the gain of said program- 
mable gain amplifier (122, 124) based on a 
magnitude of the received occupant range 
related input signal so as to drive the magnt- 55 
tude of subsequently developed occupant 
range related input signal into a desired input 
range of said input port. 



8. TYie inprovement of Claim 5, wherein: 

said photo-sensitive device (46) generates first 
and second current signals, each having an 
occupant range related component at said pre- 
determined frequency, and said IR receiver 
includes first and second circuits 106, 110, 
114; 108. 112, 116) for respectively extracting 
the first and second components from said first 
and second current signal, and first and second 
programmable gain amplifiers (122. 124) for 
amplifying the extracted first and second com- 
ponent to form first and second occupant range 
related input signals; and 
sard controller (72. 76, 1 18) receives the first 
and second occupant range related input sig- 
nals at said Input port, and individually adjusts 
the gain of said first and second programmable 
gain anplifiers (122. 124) based on respective 
magnitudes of the received first and second 
occupant range related Input signals so as to 
drive the magnitudes of subsequently devel- 
oped occupant range related input signals into 
a desired input range of said input port. 

9. A system (10) for detecting the position of an occu- 
pant of a motor vehicle including an IR transmitter 
(22) for emitting a beam of IR light for reflection off 
the occupant, an IR receiver (24) for receiving the 
reflected IR light and developing first and second 
occupant range related Input signals therefrom, and 
a controller (72, 76, 118) coupled to said IR trans- 
mitter (22) and IR receiver (24, 70) for determining 
the position of the occupant relative to a predefined 
zone of the vehicle, the Improvement wherein: 

the IR receiver (24, 70) includes a photo-sensi- 
tive device (46) that produces first and second 
currents used to develop said first and second 
occupant range related input signals; 
the IR transmitter (22) includes an IR light emlt- 
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/- ting diode (40) for emitting said beam of IR 

light, and a cun-ent source (96) effective when 
enabled to activate said light emitting diode 
(40) wrth an activation current having a selecta- 
ble magnitude, the first and second currents 5 
produced by said photo-sensitive device of said 
IR receiver (24) having magnitudes that vary in 
relation to the selected magnitude of said sinu- 
soidal cun^ent: and 

the controller (72, 76. 118) receives the first w 
and second occupant range related input sig- 
nals, determines a range of the occupant 
based on a ratio of such received first and sec- 
ond input signals, and selects the magnitude of 
said current source (96) based on a magnitude is 
of the received first and second input signals so 
as to limit a range in magnitude of the first and 
second currents subsequently developed by 
said photo-sensitive device (46). 

20 

10. The improvement of Claim 9, wherein: 

the controller (72, 76. 118) selects an 
increased magnitude of said current source 
(96) if the received first or second Input signals 2S 
are lower than a first predetermined threshold, 
and selects a decreased magnitude of said cur- 
rent source (96) if the received first or second 
input signals are higher than a second prede- 
termined threshold, said first and second pre- so 
determined thresholds corresponding to a 
desired range in variation of said first and sec- 
ond currents. 

1 1 . A system (1 0) for detecting the position of an occu- 35 
pant of a motor vehicle including an IR transmitter 
(22, 74) for emitting a beam of IR light for reflection 

off the occupant, an IR receiver (24, 70) for receiv- 
ing the reflected IR light and developing an occu- 
pant range related input signal therefrom, and a 40 
controller (72. 76, 118) coupled to said IR transmit- 
ter (22, 74) and IR receiver (24) for determining the 
position of the occupant relative to a predefined 
zone of the vehicle, the improvement wherein: 

45 

the IR transmitter (22. 74) includes an an^y of 
IR light emitters (40) that are IndividuaHy and 
selectively activated to emit a beam of IR light 
con-esponding to a position of the activated IR 
light emitter In said an-ay; 50 
the controller (72. 76. 1 18) includes: 

a microprocessor (72) for requesting acti- 
vation of a selected IR light emitter (40), 
receiving the occupant range related input ss 
signal corresponding to the selected IR 
light emitter (40). and determining the 
occupant position based on a plurality of 



received occupant range related input sig- 
nals; and 

a state machine (76) that operates in 
response to a requested activation of a 
selected IR light emitter (40) to enable acti- 
vation of the selected IR light emitter (40) 
by the IR transmitter (22. 74) and reception 
of the reflected IR light by the IR receiver 
(24. 70). and to signal the microprocessor 
(72) that the an occupant range related 
input signal corresponding to the selected 
IR light emitter (40) is ready to be received. 

12. The improvement of Claim 11, wherein: 

the IR transmitter (22. 74) activates the 
selected IR light emitter (40) so as to modulate 
the an intensity of the emitted beam of IR light 
at a predetermined frequency; 
the IR receiver (24, 70) includes a sensor (46) 
and circuit (106, 108, 1 10, 1 12) for producing a 
range related oscillatory signal at said prede- 
termined frequency, and a detection circuit 
(1 14. 1 16) for detecting an Instantaneous value 
of said oscillatory signal to form said occupant 
range related input signal; and 
the state machine (76. 118) enables said 
detection circuit (114. 116) to detect the value 
of said oscillatory signal in synchronism with 
the modulation of emitted beam of IR light. 

13. The improvement of Claim 1 1 . wherein: 

the IR receiver (24, 70) develops a range 
related signal, and includes a sanrpling circuit 
(126, 128) effective when enabled to sample 
and average one or more values of said range 
related signal; 

the microprocessor (72) determines a specified 
number of times that said range related signal 
should be sampled; and 
the state machine (76) enables said sampling 
circuit (126. 128) said specified number of 
times before signaling the miaoprocessor (72) 
that the an occupant range related input signal 
corresponding to the selected IR light emitter 
(40) is ready to be received. 

14. A system (10) for detecting the position of an occu- 
pant of a motor vehicle including an IR transmitter 
(22, 74) for emitting a beam of IR light for reflection 
off the occupant, an IR receiver (24. 70) for receiv- 
ing the reflected IR light and developing an occu- 
pant range related input signal therefrom, and a 
controller (72. 76) coupled to said IR transmitter 
(22. 74) and IR receiver (24, 70) for determining the 
position of the occupant relative to a predefined 
zone of the vehicle, the improvement wherein: 
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the IR transmitter (22. 70) includes a two- 
dimensional array (40) of IR light emitting 
dicxJes (L) that are individually and selectively 
activated to emit a beam of IR fight correspond- 
ing to a position of the activated IR light emit- 5 
ting diode (L) in said array (40), said array (40) 
Including a first plurality of parallel conductor 
segments (A1-A3) defining columns of said 
array (40) and a second plurality of parallel 
conductor segments (CI -CIO) oriented per- 70 
pendicular to said first plurality of segments 
(A1-A3) and defining rows of said array (40), 
each of said IR light emitting diodes (L) being 
positioned at a unique intersection of a row and 
column of said array (40), and activated when 75 
the conductor segments defining such row and 
column are coupled to a current source (96). 

15. The improvement of Claim 14. wherein: 

20 

each of the IR light emitting diodes (L) has a 
first terminal mounted on a column conductor 
segment (A1 -A3), and a second terminal that is 
wire-bonded to a row conductor segment (01- 
C10) adjacent said column conductor segment 25 
A1-A3). 

16. The improvement of Claim 14. wherein: 

said array (40) includes a plurality of insulator 30 
segments (62) disposed between said first and 
second plurality of conductor segments (A1- 
A3, C1-C10) at least at the intersections 
thereof so as to electrically isolate said first and 
second plurality of conductor segments (A1- 3S 
A3. 01 -CIO). 

17. The improvement of aaim 14, wherein: 

the array includes a cover layer (64) of opaque 40 
material substantially covering said first and 
second pluralities of conductor segments {A1- 
A3, 01 -01 0) except in proximity to the row and 
column intersections of said an-ay (40), thereby 
defining cavities in which said IR light emitting 4S 
diodes (L) are positioned. 

18. The improvement of Claim 17, wherein said cover 
layer (64) has a thickness sufficient to substantially 
prevent dispersion of IR light emitted by said IR light 
emitting diodes (L). 

1 9. A system (1 0) for detecting the position of an occu- 
pant of a motor vehicle including an IR transmitter 
(22. 74) for emitting a beam of IR light for reflection 
off the occupant, an IR receiver (24, 70) for receiv- 
ing the reflected IR light and developing an occu- 
pant range related input signal therefrom, and a 



controller (72. 76) coupled to said IR transmitter 
(22, 74) and IR receiver (24, 70) for determining the 
position of the occupant relative to a predefined 
zone of the vehicle, tiie improvement wherein: 

the IR transmitter (22, 74) includes a two- 
dimensional array (40) of IR light emitters (L) 
that are individually and selectively activated to 
emit a beam of IR light corresponding to a posi- 
tion of the activated IR light emitter (L) in said 
array (40); 

the controller (72. 76) selectively and repeat- 
edly activates each of the IR light emitters (L) In 
a determined sequence and receives corre- 
sponding input signals to identify an emitter 
array position corresponding to a beam of IR 
light illuminating a head/torso of the occupant, 
and to indicate when the identified emitter array 
position corresponds to a beam of emitted light 
passing through said predefined zone. 

20. The improvement of Claim 19, wherein: 

the anray (40) is mounted on a portion of said 
vehicle which is higher than the occupant: and 
the array position corresponding to a minimum 
detected occupant range is identified as tiie 
position that illuminates the head/torso of the 
occupant. 

21. The improvement of Claim 1 9, wherein: 

the controller (72, 76) forms a grouping of array 
positions contiguous with said identified posi- 
tion, and indicates when any position in tiie 
grouping corresponds to a beam of emitted 
light passing through said predefined zone. 

22. The Improvement of Claim 21. wherein: 

the controller (72, 76) compares range informa- 
tion corresponding to the contiguous positions 
of said grouping, and confirms tiiat said posi- 
tions correspond to beams of IR light illuminat- 
ing the head/torso of the occupant when a 
variation of said compared range information is 
less tiian a predetermined amount. 

23. The improvement of Claim 19, wherein: 

so 

the controller (72. 76) activates tiie IR light 
emitter (L) con'esponding to the identified posi- 
tion of said array (40) at a repetition rate that is 
higher than for other positions of said array 
55 (40). 

24. Theimprovementof Claim 21. wherein: 
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the controller (72, 76) activates the IR light 
emitters (L) corresponding to the grouping of 
positions of said array (40) at a repetition rate 
that is higher than for other positions of said 
anray (40). 5 
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